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INTRODUCTION 
For the past several decades . traditional OEP 21-point examinations 
have been performed by practitioners with a great deal of success. However, 
ma,ny optometrists f eel the information gained is insufficient since there 
is no measure of binocular stress (accommodative lag and fixation disparity) 
or stereopsis.1 '~'3, 4 ,5, 6 ,?,B,9 Another objection is that the examinat ion 
is not performed under "normal" binocular conditions. Commonly agreed 
upon advantages of the binocular examination include: 1) a more valid meas-
' 
ure of sphere and cylinder because convergence accommodation and A-V patterns 
are accounted. for, 2) a truer balance as binocular accommodation is balanced 
rather than biocular acuity, and 3) an in-depth assessment of binocularity 
is made by juciging the stress unmet by convergence( fixation disparity), 
stress unmet by accommoda.tion (accommodative lag), and stereopsis, }0 ' H '12 ' 13' 14 
' Optometry is the profession that assumes responsibility for a person's 
visual performance; Thus, we must continual~y be searching for ways to 
offer our patients better and better care. The traditional OEP 21-point 
examination has met the demand for diagnosis of . the patient 's visual problems 
adequately to date. However, .no matter how good it is, new. innovations can 
serve to enhance this test sequence, or at least offer viable alternatives. 
Specifically, this study offers to provide a viable alternative to the 21-point 
examination. The near binocular testing sequence (NBTS) to be used 
in this study allows the patient to be tested under more natural conditons with 
both eyes open. 
,. 
The goal of this study is to establish a clinically acceptable NBTS, 
with prescription criteria, that is performed "out-of-phoropter". Out-of-
phoropter .testing is beneficial for: 1) patients who are not comfortable 
behind a phoropter (i.e. claustrophobics and young children), 2) patients whose 
convergence posture changes between primary and ·inferior gaze, (i.e., the 
A and V patterns), Inferior gaze applies to the near point and testing 
is being done to evaluate function and status at the near point, and J) 
4 those doctors who prefer not to work with patients behind the phoropter. 
The NBTS utilizes the results of four different tests at the nearpoint. 
These tests consist of. fixation disparity neutralization, MEM retinoscopy, 
a near binocular duochrome test, and a_ binocular cylinder test, Stereop-
· sis is also utilized for the purpose of evaluating visual performance 
with the NBTS lens i .n place, 
Fixation disparity may be defiped as a condition where the two oculo-
15 16 centric visual axes do not intersect precisely at the point of regard, ' 
:By virtue of Panum's. fusional areas, . the object of regard is still seen 
singly in lieu of stimulating no-n-corresponding retinal points. 1~' 16 
Fixation disparity may be visualized as a small.lateral or vertical mis-
alignment of the two eyes, Although less than optimum, fusion and stereop-
sis are present, Since fixation disparity is limited by the size of Panum's 
areas, its magnitude is quite small being in the order of ± 7 minutes of 
. 15 16 17 
arc laterally and t 3.5 minutes of arc vertJ.cally, · ' ~. ' 
A fixation disparity may. have deleterious effects on the binocular 
visual system and on the . perception of binocular visual space. 1iberman18 
for example, stated that a. eso-fixation disparity may result in the visual 
perceptual interpretation of an object appearing closer to the observer than it 
is in reality. · In this case, the horopter is ·displaced towards the obser-
ver. His lines of sight cross in front of the object with the result that 
the point of most acute vision is no longer at the position of the object, 
but closer, Hence the individual's reference point is inside the actual 
position of the object, In thepresence of an exo-fixation disparity, the 
horopter; and therefore point of reference, is displaced outward ' from the 
actual object with the object perceptually appearing further away than it is 
in. reality. 
:iUJ 
~i 
Sheedy and Saladin19 claimed that a definite correlation exists between 
fixation disparity and asthenopia. .· - . 20 Mallett feels this correlation exists 
only under certain conditons, such as when an individual having a vertical 
fixation dispa-rity i:::; exposed to a task demanding critical vision. Another 
undesirable effect of a fixation di:::;parity upon the visual system is that 
it often causes a decrease in stereoacuity. 21 , 22 
MEM (monocular estimate method) retinoscopy23 was used to determine 
the posture of the accommodativesystem relative to the plane of regard. 
The plane of regard provides a known accommodative stimulus to which the 
accommodative system respond,s. MEM retinoscopy allows for a compari:::;on 
of the accotnmodative response.to a known acoommoclative stimulus. One can 
therefore determine if the accommodative system is over or:under focused for a 
given task. 24 Biebe:r24 believes the MEM finding represents a refractive 
error at near which, if greater than the depth of focu:::;, would result in 
a blur of the object of regard •. Such a blur. at near could be disruptive to 
an individual's visual performance :::;ince clarity is an important criteria 
for efficient binocular vision at the near point. Greenspan25 writes 
that the MEM technique with a target of an appropriate demand correlates 
well with what he terms the "critical lens power" that is required to im-
prove performance. 
A nearpoint binocular red/green duochrome test was utilized as part 
of the NBTS for the purpose of providing a subjective mechanism to bal-
26 
ance accommodation for the fixation target. McDonald and Thomas compared 
the Hodgkins near point red/green test to the binocular cross cylinder test 
at near. A correlation of .885 was found. Keddington et. al. 27 found a 
correlation of .5i$ between the Vodnoy near red/green test and the binoc-
ular cross cylinder test at near. The duochrome is an easily understood 
test and it was felt that information could be gained regarding the bal-
ance and posture of the accommodative system. 
.I 
. U+; i.J 
It is well known that t he eyes undergoe an excyclorotation as t hey 
t th ·t28 F th" b 1 1 converge · o e nearpoln • or lS reason, a .. inocu ar cy inder test 
was included as part of the NBTS, The value of a binocular cylinder test 
at the nearpoint is that fusion is not disurpted. Common fonns of near 
point cylinder testing are the Pratt near cylinder test29 or J.C.C. near 
cylinder test. These are done monocularly. The visual system is not 
binocular-under these test conditions so cylinder power and axis may vary 
from that which exists under binocular· conditions. 
The amount of sphere and prism to induce .·  a fixation disparity with the 
lens determined by the NBTS in place was evaluated, Sheedy and Saladin19 
prescribed prism for the purpose of moving their subject's operating point 
(point where the x-axis crosses the fixation disparity slope) to a flatter 
part of the slope. They found a flat slope to be associated with a lack 
of asthenopic symptoms. The intent of this study, however, was to gather 
data that could.be added to a general pool of data for the purpose of 
eventually developing norms for ranges.to induce a fixation disparity, 
Stereopsis was used in this study to determinethe effect of the NBTS 
lens on visual performance, Stereopsis, according to LibeTIUan30 is a measure 
ofbinocular efficiency and therefore an excellent test of visual perfor-' 
mance, 
In summary, this study attempted to develop .a new binocular out-of-
phoropter testing seq_uince capable of providing a prescriptable lens·that 
would enhance binocular visual performance at the nearpoint. 
MATERIALS AND METHODS 
' The materials used in this .. study were as follows, A B&L Greens or AO 
RxMaster phoropter, the standard B&L or AO far point projected slide, stan-
. dard OEP near point phoropter cards 1 an AO spot or Welch Allyn streak ret-
inoscope, the Bernell Lantern and near slide 553 BRN, polaroid glasses with 
Jan.elli clips or polaroid inserts in an AO trial frame, a Western Optical 
* 
I' 
noncorrected curve lens kit, Bernell· loose square prisms, and a Randot E stereo-
test from Bernell. Also used was a ±.37 diopter handheld flip cylinder. 
Fori;y five pre-.presbyopic patients were selected for this study, 
and met the following; criteria: 
1) Best correctable visual acuity 20/20 or better monocularly and binoc-
ularly . 
2) Age; - over 5 years and under 40, 
3) Refractive error 
Myopia of less than 10.00 diopters sphere ·. · 
Hyperopia lese; than 5. 00 diopters sphere 
Astigmatism less than ).00 diopters cylinder 
Subject·s were selected from the following J area:;:;: 
1) . · Metropolitan Portland, · Oregon 
2) Pacific University Undergraduate College ~J) Pacific University College of Optometry 
* Primary sou:)::'ces of subjects 
No discretion was made regarding sex. Twenty:" three e;ubjecte; were male and 
22 female . 
Computer Analye;i.s was used for determining the following: 
*1) OEP suggested prescription for far and near as well as OEP tYJ?ing 
* 
2) Pearson correlation coefficient, "r~' 
3) Sample mean, standard deviation, and variance 
4) t - values, determined from the t-test 
Verified by Dr. Richard Sept on 
The sequence of testing was identical for all subjects and was given as 
follows: 
1) Standard OEP 21-point, visual examination. 
2) Stereoacuity at near ' tested through the OEP #7A (SBVA) using the Wirt 
portion of the Randot E stereo test 
3) Nearhinocular testing sequence. The initial control lens at the start 
of the NBTS was the #7A. 
The NBTS was · performed as follow;s: 
1) NEM retinoscopy with . standard nearpoint illumination and the OEP #7A 
as the control lens, The subject's attention was directed to the 20/20 
letters around the hole of the MEM card. The subject was told to look for 
specific letters arouri:d the hole. Motion was estimated, then verified by 
momentarily placing trial lenses in front of each eye until neutralization 
of the retinoscopic reflex occurred. This lens value was then recorded, 
For a full description of the technique, see the article by Bieber. 24 
2) · Fixation disparity neutralization with_ standard .room illumination and 
the OEP #?A as the control lens. The control lens was placed . in either a trial 
frame with polaroid insert~ · or Janelli clips attached to polaroid glasses, 
The subject's attention was then directed. to the lateral fixation dispar-
i ty section of the Berne11 Lantern (with slide 553 BRN), The subject was 
then asked "How mar:iy arrows do you . see?" Then "Do the arrows move?" The 
responses were then recorded, And finally, "Do the arrows each point to 
the center of the zero?" If any 9f the responses were negative (one arrow 
missing, · movement, or displaced arrow) spheres were manipulated binocularly 
and equally in front of the two · eyes to induce a positive response to 
all three questions, · Plus spheres~ in quarter dioptersteps were added 
first, If ·.this did not result in p6si ti ve responses, minus spheres in 
quarter diopter steps were added until all responses were positive. The 
lowest amount of sphere that resulted in positive responses was then record-
ed, If the responses were all positive with just the #?A in place or after 
spheres werE) added, the supject's attention was directed to the vertical 
fixation disparity section. The same procedure as with the lateral fixation 
disparity section was then followed, If lenses different than that for the 
lateral fixation disparity section were required, this value was then record-
ed and the patient's at tention directed back to the lateral fixation dis-
parity section. If there was now a lateral fixationdisparity, an attempt 
was made to compromise such that minimum fixation disparit y .existed both 
laterally and vertically, with this value of lens then recorded. 
I 
!-
1 
With the #?A in place, prism was manipulated monocularly to neutral-
ize lateral and vertical fixatioudisparity, This was done in the same manner 
as with spheres except that the prisms were inserted monocularly before the 
preferred eye. Re$pOn$es and amounts of prism were then recorded, 
3) Binocular duochrome test at near with standard room illumi.nation and tht? 
OEP #?A over polaroids in place, The subjeCt's attention was directed to 
the upper red/g~een :target of the slide (553 BRN), The subject was then 
told, "Look back and forth between the red and green, On which side, red 
or green, do the letters appear sharper and blacker?" The same procedure was 
repeated for the lower red/green target, If the subject reported green for 
both targets, plus spheres were added binocularly in quarter diopter steps. 
The above question was repeated for each target after each step until the 
first red response was noted, Spheres were changed monocularly if an 
aniso response was given. Equality (the midpoint between last green and first 
red response) was then recorded If, at the start of the test, the patient 
reported equality, spheres were manipulated in quarter diopter steps to 
first red, then first green response. Aniso was compensated for monocularly 
if necessary. Equality was then recorded. If, at the start of the test, 
the subject reported red for either or both targets, minus sphere was man-
ipulated binocularly (or monocularly if aniso was present) to the first green 
response, Equality was then recorded, 
4) B-inocular cylinder test at near with standard room illumination and the 
red/green equality sphere in place over polaroids, The subject's attention was 
directed to the upper clockdial of the slide (553 BRN.). The patient was 
then asked, "Are £l.riY lines blacker or sharper than the others? If so, which 
lines?" The question was then repeated for the lower clockdial. The res-
ponses in each case were then recorded. If either (or both) of the responses 
was "yes," the patient's attention was directed to the appropriate astig- . 
.I 
· I 
,. 
matism target , A hand held Jackson Cross Cylinder (± 0.37 diopters) _and 
loose cylinder lenses_were used to neutralizethe astigmatism, The met hodology 
is the same as that performed while doing the J!C.C. cylindrical neutrali-
zation in the phoropter at the far point, 
At this point, the calculations were performed to det,ermine the near-
point lenses (add to the #7A lenses) as indicated by the NBTS. For a full 
descr:l,ption of the prescription criteria, see appe!l..dix A, 
5) Stereoacu;i ty With standard near point room illumination and the pre-
scription determined by the NBTS in place over polaroid filters~ The 
subject's attention was directed to the WIRT section of the Randot E stereo 
test . The subject was told to start with the first row and to say which 
circle appl;lared to be floating , This was repeated 'for each consecut ive 
row. When two successive mistakes were made the test was stopped and the 
last row correctly called out was recorded and stereoacuity recorded in 
arc seconds . 
6) Induced fixation disparity with standard· room illumination and with the 
NJ3TS lens in place , '!'he subject's attentionwas directed to the lateral 
fixation dis-parity target, and asked "Does one or both of the arrows move 
from side to side? Do . they point to the middle of the zero?" The responses 
were recorded, If a fixation disparity or movement was observed by the sub-
ject, the previous sphere that neutralized the fixat ion disparity was put 
into place andthe above q_uestions repeated . Responses were noted, With 
the fixation dixparity neutralized (posit:l,ve responses to the above ques-
tions), minus sphere was added binocularly in .50 diopter steps until a 
fixation disparity or movement occurred , Bracketing to the nearest quarter 
- diopter was then done and this value recorded, The same procedure was repeat ed 
using plus spheres binocularly, Fixation · disparit y or movement was t hen 
induced l1Sing base out prism over the NJ3TS lens (or sphere that neut ralized 
I .  
\  
I  
0 ( 9 )  
·  f i x a t i o n  d i s p a r i t y )  i n  2  p r i s m  d i o p t e r  s t e p s  m o n o c u l a r l y  b e f o r e  t h e  p r e f e r r e d  
e y e ,  a n d t h i s  b r a c k e t e d  t o  t h e  n e a r e s t  p r i s m  d i o p t e r  a n d  t h e  v a l u e  r e c o r d e d .  
T h e  s a m e  p r o c e d u r e  w a s  r e p e a t e d  u s i n g .  b a s e  i n  p r i s m ;  
R E S U L T S  
1 )  I n d i v i d u a l  D a t a  
I n d i v i d u a l  d .a t a  h a s  b .e e n  r e c o r d e d  a s  a c t u a l  v a l u e s  f o r  t h e  O E P  
s u g g e s t . e d  p r e s c r i p t i o n  f o r  f a r  a n d  n e a r ; . ·  a n d  a l s o  t h e  N E T S  s u g g e s t e d  
p r e s c r i p t i o n ,  s p h e r e  t o  n e v t r a l i z e  f i x a t i . o n  d i s p a r i t y ,  n e a r  r e d / g r e e n ,  
a n d  M E M .  r e t i n o s c o p y .  · · .  ,  O E P  t y p i n g s  f o r  e a c h  s u b j e c t  a s  w e l l  
a s  t h e i r - # ?  a n d  # 7 A  a r e  l i s t e d .  S e e  a p p e n d i x  B  f o r  t h i s  i n f o r m a t i o n .  
2 )  S t a t i s t i c a l  M e t h o d s  
u s e d :  
F o r  t h e  n o r m a t i v e  a n a l y s i s . o f  t h e  t e s t s  t h e  f o l l o w i n g  f o r m u l a e  w e r e  
1 )  M e a n  • • • . • • •  ,  • • • • . • • . • •  X = S u m  x / n  
x = I n d i v i d u a l  T e s t s  
n = n u m b e r  o f  s u b j e c t s  
.  .  \  f  - .  2  
2 ) .  S t a r 1 d a r d  d e v i a t i o n  • • • •  •  • • • • •  s  = v s u m  ( X - X )  / n - 1  
3 )  V a r i a n c e  • • • • • • • • . • •  s
2
= S u m  ( X - X ) / n - 1  
F o r  t h e  ' t '  e v a l u a t i o n  a n d  t h e  P e a r s o n  p r o d u c t  c o r r e l a t i o n  c o e f f i c i e n t ,  
t h e  f o l l o w i n g  f o r m u l a e  w e r e  u s e d :  
1 )  D i f f e r e n c e  o f  i n d i v i d u a l  p a i r e d  v a l u e s  • • • • • • • • •  D = X - Y  
2 )  M e a n  d i f f e r e n c e  o f .  t h e  i n d i v i d u a l  p a i r e d  v a l u e s  • • . •  D = S u m  D / n  
3 )  S t a n d a r d  d e v i a t i o n  o f  " t ( h e  d i f f e r e n c e  m e a n  b e t w e e n  t h e  i n d i v i d u a l  
p a i r e d  v a l u e s ,  • • • •  ,  . .  S = S u m  ( D - : i 5 )
2
/ n - 1  
4 )  S t a n d a r d  e r r o r  o f  t h e  d i f f e r e n c e  m e a n  b e t w e e n  t h e  i n d i v i d u a l  
p a i r e d  v a l u e s  • • • • •  ~ • . • • • •  s : i S = S / n  
. S )  C o r r e l a t i o n  , c o e f f i c i e n t ,  • • • • • • •  r = S u m  X Y  
" ' - : . 1  
1  ~ S u m Y c . ·  
V  ~. · · n - 1  
t = D / s -
.  D  
X = S u m  X / n  
Y=Su~ Y / n  
X = X - X  
Y = Y - Y  
n = n u m b e r  o f  s u b j e c t s  
Normative data analysis is expressed in Tables #1 through #5. ''t" test 
results and correlation coefficients are in Table #6, "t" test results, 
stereopsis comparisons,. and ranges to induce a fixation disparity are 
graphically display~d in frequency histograms #1, #2, and #3 respectively. 
\ .I l) 
>l 
TABLE #1 
Normative Anal ysis of IndividuaLTest Data 
Test 11~ean btandtrd ev1.a 1.on Variance 
OEP near -t-0 .46D 0 .43D 0 . 18 
add 
NBTS near T0 ,49D 0 .41D 0 . 17 
ad.d 
' Sphere to neutral- +0 .41D o .64D 0 .41 n=45 
ize fixation dis-
parity 
Red/green +0 . 51D o.47D 0 . 22 
near test 
MEM through +0. 30D 0 . 34D 0.11 
OEP #7A 
TABLE #2 
Normative Analysis of Stereopsis Change from t he OEP 
#7A to the NBTS 
Standar d 
Value ~lean Deviation Varianc e 
Stereopsis ;n .l.y• 20 . 77" 431.43 
through #7A 
Stereopsis 31.00 I 16 .26'; 264. 41 n=35 
through NBTS 
NBTS sphere 
add to #?A 1-Q , L.J-?D 0 . .39D 0. 15 
TABLE #3 
Normative Analysis of Sphere and Prism Ranges to I nduce 
a Fixation Disparity at Near While Wearing the NETS • 
Standard 
Value 
Plus- sphere 
to induce fixation 
disparity 
Minus sphere 
to induce fixation 
disparity,. · 
·· Base out prism to 
induce fixation 
disparity 
Base in prism to 
induce fixation 
disparity 
Mean ··. 
+1.24D 
-1.36D 
6.08 p .d. 
4 .33 p.d. 
Deviation Variance 
0.70D 0.49 
0.89D 0.79 
4.81 p.d. 23.0 
2.53 p.d. 6.38 
TABLE #14· 
n=40 
Normative Analysis of Sphere and Prism Ranges to Induce a Fixation Disparity at 
Near for the Sub-group of OEP B2 ""'4 while wearing the NETS 
Value 
Plus sphere . 
to induce fixation 
disparity 
Minus sphere to. 
induce fixation 
d,isparity 
Base out prism to 
induce fixation 
disparity 
Base in prism to 
induce fixation 
disparity 
. Mean 
+1. JD 
-1.45D 
5·37 p.d. 
Standard 
Deviation Variance 
o.69D 0.48 
0,82D o , 67 
4.99 p.d. 24 .9 
n=19 
2.75 p.d. 
( l J) 
- ·\-,( 
TABLE #5 
Normative Analysis of Cylinder Change Found in NBTS (compared 
, to OEP) - Done for Individual Eyes 
Value 
Power chnage 
Axis .charige 
Meq.n 
--
0.21D cyl. 
less minus 
8.12 degree 
rotation 
Axis change 4.28 degree 
excluding the rotation 
one 35 degree 
change on -0, 25D cyl. 
Standard 
Devia,tion 
0.26D cyl. 
11. 08 degree 
2.J6 degree 
' 
TABLE #6 
Variance 
0.068 
122.69 
5.57 
n change/ 
n sample 
20/90 
8/90 
7/90 
"t" Test Results and Correlation Coefficient for the Individual Test Comparisons 
"t" Level of . Difference Correlation 
Comparison · 
OEP near add 
NBTS near .add · 
test 
0.472 
OEP near add 0.571 
near red/grE?en 
OEP near add 2.00 
17 
MEM near add 
OEP near add 0.484 
Fixation dis-
parity sphere' 
adci 
Fixation dis- 1. 11 
parity sphere 
add 
near red/green 
Fixation dis- 0.974 
parity sphere 
add 
MEM near add 
MEM near add 2.19 
near red/green 
Stereopsis #?A 4,55 · 
Stereopsis NBTS 
Significance Mean Coefficient 
p > 0.5 -O,OJ28 O.J77 
p) 0.5 -0.0473 0.2J9 
.05)p).01 0.158 0,0624 
p> .05 -0, OLJ-6 O,JJ7 
0.5 >p> 0.2 0.0933 0 .517 
0.112 -0.180 
.05 .)p :> ,01 -0. 205 -0.185 
p (.01 . 6.4J 0.884 
.· 
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· Frequency distribution of stereopsis through the #?a and through the 
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( 16) 
HISl'bGBA11 #J 
Freq_uency distribution of ranges to induce a fixation disparit y f or 
' . 
. . 
'' ' . ' 
..... . 
.. ~ . . 
.. ••' 
,. ~· l l." ·' . 
the whole group. n=38 
1) Plus sphere 
' 
'' 
'· 
" I 
2) Minus .? 
3) Base out prism 
4} Base in prism 
0 
. ' 
,_ 
•I 
I I o. I ~ 
. '' 
~ 
'I 
•. 
:I 
' I ~ . . ( '- ... 
rl' • ·', ~ · ~.r·fr~. ~ -
.. ,' ~~ ·r ; ~~::J.. h 1 ..;, I 
/ 0 ll. /Y> . t6 
I' 
. X= +1.24D 
S.D.= 0. 70D 
Var.= 0.49 
Mode= +0.50 
. n= 38 
X= -1.36D 
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HISTOGRAM #3 conti nued 
Freg_1..l,ency distribution of the ranges to i nduce a fixation disparity for 
the OEP B2-4 -sub-gr6up . n=19 
1) Pl us s phere X= +1. 4JD 
S.D. = 0. 69D 
Var .= 0.48 
. . } 1 . l 
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I • I • I 
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I I l J l I I i 
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I I J ; i . i i 
X= 9 . 26pd BO 
S.D.= 4 . 99pd 
Var . = 24 . 98 
Mode= 8 ,00pd 
X= 5 . J7pd BI 
S.D .= 2 .?5pd 
Var .= 7.58 
Mode= ?.OOpd 
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:DISCUSSION 
Looking at the 'normative analysis, one finds the following with respect 
to Table #1. The mean NBTS suggested add to the #?A is , OJ diopters more 
-plus than the mean OEP suggested add, Sphere to neutralize fixation dis-
parity is 0,08 diopters less plus than the NBTS lens, 0.05 diopters less 
plus than the OEP lens , 0 .1 0 diopt ers less plus than the red/ green near 
accommodative test lens, and 0,11 diopters more plus than the MEM. The red/green 
near accommodative test lens is 0, 01 diopters more plus than t;he NBTS . . 
lens, 0.05 diopters more plus than the ciEP lens, and 0.21 diopters more 
plus than the MEM. MEM is 0.19 diopters less plus than the NBTS lens and 
0,16 diopters less plus than the OEP lens, The standard deviation is within 
0, 08 diopters of the. mean for all tests except fixation disparity where 
it · w;:;~.s 0.23 diopters larger than the mean; 
Regarding stereoJ?sis, see Table #2, The ~ mean level achieved thru the 
NETS prescription was 6.4J arc seconds better than the 'level achieved 
thru the #?A. The standard deviation for each mean was, however , quite large. 
Regarding the ranges to induce , a fixation disparity, see Table #3 for 
the whole sample and Table #4 for the B2_4 sub-group . The whole population 
. sample and the B2_4 ' s were each analyzed because half of the whole sample 
consisted of B2_4 typings, In comparing the two , the B2:..4 
1 
s showed 0 .19 
diopters more plus, 0.09 diopters more minus, J,18 prism diopters more base 
out, and 1. 04 prism diopters more base in than the whole sample population, 
The subject 1 s near point binocular cylinder · :·ms compared to their 
far point monocular cylinder. Refer to Table #5. - A change in cylinder 
was found in 17 out of 45 subjects •. When considering individual eyes, 
then a change was found in 24 out of 90 eye:;:; (26.7%), A power change was 
found in 20 out of the 24 whoshoweda cylinder change , The mean for the 20 
was 0.213 diopters less minus cylind'er with a standard deviation of 0,26 
diopters. Eight showed an axis change, The mean for them was 8.125 degrees 
I 
v {19) 
rotation and the standard deviation was 11.1 degrees. However, one axis 
change was 3.5 degrees on a :-·2.5 di.o:pter cylinder. Excluding this finding, · 
the mean. becomes 4.28 degrees change with a standard deviation of .5 . .57 
degrees . 
From this initial glance at the data, it might ·be concluded that any 
of the . tests · could be substituted for any of the others. .further data analysis 
· however, demonstrates .that this is not the case. Analysis of the data by 
the correlation coefficient test indicated the ' following , (see Table#6) . 
Comparing the OEP suggested add to the lens from the NBTS, the "r" value was 
_0.377. Correlation between OEP and sphere to neutralize · fixation disparity 
was 0.337; "betweens:phere to neutralize fixation disparity and near red/ 
green was 0 • .517; bet ween sphere to neutralize fixation disparity and MEM 
was ...,o.180; and between MEM and the nears/green was -0.18.5. The correlation 
for stereopsis between the #?A and NBTS was 0.884. 
In using correlation coefficients, a value of +1.0 indicates perfect 
agreement, and a value of -1.0 indicates a :perfect inverse relationship. Using 
. the null hypothesis that, "There is no agreement between the two tests," 
and a 2-tailed test, any · "r" value less than 0 .J64 would indicate rejection 
of the null hypothesis at a ":p" value Of 0.0.5 significance when n = 4.5. In 
conjunction with our data, the nul:L hypothesis is rejected at the 0.0.5 
level for the following: OEP-red/green, OEP-MEM; OEP-fi xation disparity, 
fixation dis :pari ty~MEM, and MEM-red/ green. The null hypothesis is, hm-rever, 
not accepted at . the 0. 0.5 level for the following: OEP-NBTS, fixation dis-
. :Parity-red/green, arid stereopsis between #7A and NBTS. 
Ranges to induce a fixation disparity were not statistically evaluated 
beyond the normative analysis because the intent was to add further informa-
tion to a general data :pool for the :purpose of eventually establishing norms 
for ranges to induce a fixation disparity, 
y 
(20) 
The "t" test is a s t atistical method for determining if there is a 
significant difference between the means of two tests, The null hypothesis 
is "There is no difference between the two tests," The level of significance 
chosen was 0.0.5. If ach:i,eve.Q., the null hypothesis is rejected and it can 
be stated that · .5 or less times out of 100 would a mistake have been made 
in rejecting the null hypothesis, 
See Table #6, The "t" value found resulted in rejection of the . null 
hypothesis for the test comparisons of OEP~MEM, MEM-near J;'ed-/ green, and 
stereopsis #?A-stereopsis NBTS I Thus there is a significant difference between 
these means. For the following tests, the t-value was not large enough to 
I 
reject the null hypothesis; OEP;...NBTS, OEP-near red/green, OEP-fixation 
disparity, fixation disparity-near red/green, andfixation disparity-MEM. 
' 
Thus it cannot be said that there is a significant difference between these 
test mec;.ns ., 
-To completely analyze :the data, one must look at . the · t~value and carrel-
ation coefficient simultaneoustly, This is because the t-value describes 
mean values and standard deviations of the entire _sample, but the correlation 
coefficient descii bes a relative reltionship bet ween individual findings, 
If the t~value is significant at 0.0.5, and the correlation coefficient 
is below 0 ,J64 (when n = 4.5) ,. then the two population samples compared are 
significantly different, When the t-value is not large enough to be signif-
icant, the correlation coefficient could still be less than O.J64 ·and thus 
significant at 0.0.5. In such' a case pne could not reject the null hypothesis, 
yet could say there is no significant c.orrelation between the individual findings 
of the two tests, The test comparisons, OEP-near red/green, OEP-fixation 
disparity, a.nd fixation dispari ty-MEM • were all found to have insignificant 
t-values, but significant correlation coefficients, 
The results have also been displayed on frequency histo~?;rams (see Histograms 
#!through #3). Frequency histograms allow a visual :picture of means; 
differnece of means, standard deviation, mode, and, range or spread of the 
data, They have been :prepared on a common baseline for ease of inter:pre-
tation. 
Difficulties. encountered :while doing the NJ3TS included the following : 
1) . The near :point duochrome test often yielded variable results, This 
was, in :part, due to subject uncertainty, It was not uncommon to have sub-
jects state that the red or green . was clearer depending upon which side they 
looked. This can :prooably be explained as being due to a fluctuation of 
accommodat
1
ion as the subject looked back and forth between the red and 
green. In the future, if.this test .is used, a steadily fixated red/green 
target might alleviated this :problem. 
2) The trial frame or :polaroid glasses became uncomfortable for many :patients. 
Amore comfortable frame should take care of this :problem, Perhaps an actual 
frame with :polaroid inserts and a clip on trial frame would be a viable 
method. 
3) The astigmatism target was difficult for some subjects to understand. 
A different type of target such as a binocular Pratt cross cylinder or 
a binocular single line of letters with :peripheral lock might be more easily 
explained and understood. 
4) Manipulation of loose lenses from the trial lens set occasionally was 
awkward for the experimenters. Using appropriate lens flippers should 
help improve this situation, . 
One of the fundamental :purposes of the NJ3TS is its value in being an 
"out-of-:phoro:pte.r testing situation. However, it would be :possible to 
:perform the testing through a :phoro:pter. Possible advantages include: easier 
manipulation of lenses and :prisms, and some :pati.ents might be more com-
fortable. Additionally, some doctors do not :prefer out-of-:phoro:pter testing, 
I 
"-/ I (~2) 
but do like the idea of this type of near binocular testing. This would afford 
-
them that option. The Bernell lantern is too heavy to hang from the reading 
rod, so a floor stand of some sort might be an eae,;y and inexpensive means 
of holding the lantern before the phoropter. Alternatively, American 
Optical makes near point cards for fixation disparity, binocular cylinder, 
and. stereopsis testing. 
Looking back on the study as a whole, several though-ts regarding change 
and future research implications come to mind. Testing for reliability, 
validity of performance change, and how to better the sequence. 
We ~d not run our testing several times ; on each subject to judge 
reliability. This is an important factor that should be addressed in future 
. studies. 
. . 31 
This study chose the Optometric Extension Program analysis ;as the stan-
dard to which ' the NBTS was compared for validity. This was done because 
it was believed that that the Optometric Extension Program provides for a 
"safe" and proper lens prescription. This means that the patient will accept 
the prescription easily and with good results, 
Stereopsis through the patient's OEP suggested near point prescription 
was not tested. To measure · validity of performance change via lenses and 
prisms, stereopsis should, in future studies, be measurel through both the OEP 
and NBTS prescriptions. 
Analysis of the results . indicated insufficient correlation validity 
bet ween the NBTS., its individual components, and OEP. The authors feel that 
some changes in the sequence could allow for such a corrlation. This is 
also a target for future research, 
-It is the author's opinion that the near red/green test and MEM retinoscopy 
should not be utilized. We have previously stated OUr reasons for deleting 
the .red/green test. Regarding the MEM, . the authors feel that the value 
·-
(23) 
' 
of this test is primarily as a diagnostic tool to determine if the accommoda-r,ive 
posture is appropriately functioning for a given task, · Not; however, as a means 
for prescribing, This is because . i) the lens, at most, compensates for the lag 
of accommodation off tbe plane ~d 2) as the lens is only momentarily inter-
posed before. the patient, the actual long term effects of this lens upon the 
accommodative response is unknown. 
The authors feela more informative, I)lore valid, quicker and easier 
sequence could be as follows, Include the sphere and/or prism necessary to 
neutralize fixation disparity, . As previously stated, many studies have linked 
a fixation disparity With deleterious effects upon the visual system, Neutrali-
zation of this fixation disparity Often remed.iates many of these effects, Replace 
the nearred-green and_MEM with a low neutral book retinoscopy. This would 
allow one to monitor and measure acconu.nodative stimulus, accommodative response 
and lens effectivity with respect to ari appropriatelydemand.ing task. (MEM 
could still be used as a di·agnostic measure as mentioned above.) The binocular 
cylinder measure should remain in the sequence, It c,ould be .improved by doing 
the binocular te.sting with a per:ipheral lock using a Jackson Cross Cylinder on 
a line of letters and/or a Pratt cylinder target. We feel that the ranges to 
induce a fixation disparity are valuable for two reasons, First, to add more 
data to a general pool for the purpose o.f · eventually establishing norms or 
expecteds, Second, to find a lens or prism that would place the individual 
in an appropriate part of the flat portion of his/her fixation · disparity curve. 
This could be done either by bisecting the range, or adapting something like 
Sheard's or Percival's criteria, The authors would retain the stereopsis 
test, It is a good measure of immediate performance change via lenses and/or 
prisms. It also serves as an excellent demonstration to the patient of what 
the lenses and/or prisms do for the performance of his/her vi~ual system. 
The authors would recommend the following as a method for prescription 
criteria, Average the sphere to neutralize fixation disparity with the sphere 
(2~) 
via low neutral retinoscopy. Modify, if necessary, according to the ranges to 
induce a fixation disparity. 
SUMMARY 
. The goal of this study was to establish a clinically acceptable near binocular 
·. testing sequence (NBTS), with prescription criteria, .that is performed "out-
of-phoropter". 
In analyzing the results, we used the Optometric ·Extention Program standard 
· 21-point examination and prescription criteria as our standard for validation. 
We could not reject the null hypotl;1esis (that there is no difference between 
OEP and NBTS) at the 0.05 level. The only test comparisons that did indicate 
rejection of t}1e null hypothesis at the 0.05 level were: OEP and MEM, MEM and 
near red-green, and stereOpsis th:r:-ough .the #7a and stereopsis through the NBTS. 
Some suggestions have been made regarding future research. They are as . 
f ol lows . 
1) Intra'-test reliability by . performing all of the various test 
sequences more than once -on each subject. 
2) Establish validity of performance change via lenses and/or prisms 
by testing stereopsis through the #?a, the OEP suggested near add , 
and the NBTS suggested near add. 
J)Ammend .the near binoculC>,r testing SeCJ..Uence (NBTS) as follows: 
a) Retain sphere and p:dsril to · neutralize fixat ion disparity. 
b) Replace the near red-green and MEM with low neutral retinoscopy. 
c) Improve the binocular cylinder test by using a Jackson Cross 
Cylinder or Pratt cylinder test and target. · 
d) Retain the ranges . to induce a fixation disparity. 
e) Retain the stereopsis test• 
I i 
I 
(~5) 
· Appendix A 
Near binocular testing seg_uence (NJ3TS) prescription criteria. 
1) Spherical prescriptions will primarily be used, if at all possible. 
2) If a spherical lens prescription is used, it will be derived as follows: 
Sphere to neutralize fixation disparity+ near red-green+ MEM 
3 
a) This will be used provided the overall sphere is in plus,_ and that 
the variation between any two of the three main findings is 0.?5D or less. 
1) If the variation is greater than 0.?5D, and this is due to only one 
finding, then that value will not be used, and .the other two 
will be averaged, 
2) If the variation between all threefindings is O,?jD or greater, 
then use. the following: 
Prescription = Sphere to neutralize fixation disparity 
b) If the proposed sphere prescriptionis in minus, or sphere does not 
satisfactorily neutralize the .fixation disparity, then prism is 
called for, It is derived as follows: 
Prescription = Prism to neutrali ze fixation disparity 
--""0:..""""~ """'--..:.. ----- -----------~- ~ 
Appendix B •.....• Individual Data 
OE:P OEP Fix . Red Stereo Stereo 
#7 #?a Type Far Near NETS Dis E. Green MEM C;yl. #?a NETS 
1) +1.25 +0.75 B2-1 +1. ooj+o .so +1.25 +1.37 +1.25 +1.50 +1.25 N/C 30" 20 " 
2) +1.25 +0.50 B2-7 +0.50 +0.50 
. ·, l. 
+0.75 -1.50 0.00 +0.50 N/C 20" 20" 
3) +2.00 +1.50 B2-.4 +1.?5/+1.25 +1. 62 +1.62 +1.50 +1.50 +1.87 N/C 40" 40" 
4) +0.75 +0.25 :82-7 +0.50/pl. +0.50/pl. +0.75 +0.75 +0.62 +0.75 .. N/C 50" 50" 
5) ·-o . 75 -LOO B1- 6 -1.00 -0.25 -0.12 o.oo ¥ o.oo -0.50 -0.25/5' 
-0.50/7' 
30" 20" 
6) +1.25 +0.75 B2-4 +1. ooj+o. 50 +0.75 +0.75 +0.75 +0.62 +1.00 N/C 20" 20" 
7) o.oo -;;.;o.5o B2,-4 0.00 o.oo -0.37 -0.50 -0.62 0.00 -0.50/6' _ ..... __________ -:---
- - - -
8) +0.50 o.oo B2-4 +0.25/pl. +0 .12 +0.75 +0.50 +1.00 +0.75 N/C 20" 20" 
9) +0.87 +0.12 B1-4 +0.87. +0.50 +0.62 +0.87 +0 . 62 +0.62 +0.25 50" 25" 
,10) -4.25 
-4.75 B2-6 -4.75 -4.12 -4.?5 -4.75 -4.75 -4.50 N/C 70" 50" 
·w 11) +o.?s +0.25 B1-7 +0.50/pl. +0.25 +1.25 +1.25 +1.25 o.oo N/C 70'' 50" {\J . 
.._... 
12) -0.50 -0.75 c -,0,75 -0.50 -0.75 o.oo o.oo -0 .75 N/C ------·---------
13) +0.50 o.oo B2-5 +0.25/pl. +1.00 +1.25 +1.25 +1.25 +0',25 +0.25 ou ------------.---
14) 0.00 -0.50 B2-4 o.oo +0.50 0.00 +0.25 o.oo ....:0.50 +0.25 ou 20" 20" 
. 15) +1.50 +0.75 c +1.25/+0',75 +0.75 +0.75 +0.75 +0.75 :t-0.87 NjC 70" 70" 
16} -2.50 -3.25 B2-7 -3~25 _;2.25 -2.75 -2.75 -2 .75 -2.50 N/C 20" 20" 
17) +0.75 o.oo B2-1 +0.50/pl. +1.00 +1.50 +1.50 +1.50 . -:0.25 N/C ---------------
18) +1.00 +0.50 B2:...7 +0.?5/+0.25 +0.50 +0 .• 75 +o.so +0.?5 +0.75 +0.25 ou 2·0" 20" 
19) -3.25 -3.50 B2-4 -3.50 -3.50 -3.37 -3.25 -3.75 -J.25 NjC 20" 20" 
20) -1.00 --1.25 B2-4 .,-1.25 -0.75 +0.50 +0.25 +0.50 -0.87 NjC 20" 20" 
21) -:0.50 -1.00 B2-:4 --1 .00 -0.50 -0.75 -1.00 -'0.87 -0.50 N/C ---------------
22) -4.75 -5.00 B2.,.4 -5.00 -4.50 -4 .62 -5. oci -4.25 -4.75 N/C 20" 20" 
23) -1.75 -2 .25 B2-4 -2 •. 25 . -1.50 -1.75 -2.00 -1.87 -1.37 N/C 20" 20" 
Appendix B ••..••.. Individual Data 
OEP OEP Fix. Red Stereo Stereo 
#7 . #?a T;)':I~e Far Near NETS Dis:e. Green MEM Cyl. #?a NETS 
24) -0.50 -0.7 5 B2-4 -0.75 -0.25 -0.25 -0.25 -0.50 -0.12 N/C 20" 20" 
25) -5.50 -6.00 B1-7 -6.00 -5.50 -5 .87 ~6.25 -4.62 -5.50 5'on -.75 20" 20" 
26) +1.25 +0.75 B2-4 +1.00/+0.50 +1.25 +1.62 +1.50 +1.75 +1.00 N/C 70" 50" 
27) +0.'75 o.oo B2-4 +0.50/pl.- +0.62 +0 .75 +0.75 +0.87 +0.50 1' ou 20" 20" 
28) +1.25 +0.75 c +L00/+0.50 +0.?5 +0.75 +0.?5 +1.00 +0.50 N/c 70" 70" 
29) -0.50 -1.00 c -1.00 -0.50 -1.12 ;...1,00 -1.00 -1.25 N/C 70" 70" 
30) -1.25 -1.50 B2-4 -1.50 -1.12 -1.12 +0,_50 -1.12 -1.12 N/C 20" 20" 
31) o.oo -0.25 B2-4 o.oo +2.00 . +0.12 +0.25 -0.25 +0.25 N/C 30" 20" 
- --- ~~) ,-2. 50 -2.75 B2-4 -2.75 -1.75 -1.87 -1.75 -2.75 ,--2.00 N/C 30" 30" 
33) +2.00 +1.25 B2-4 +1.75/+1.25 +1. 25 - +1.87 +2 . 00 +1.75 +1.00 -0.25 ______ ;.... ________ 
34) +1.00 +0.50 B2~1 +0.75/+0.25 +0.?5 +1.12 +0.25 +1.12 +0.87 N/C ---------------
35) -4.50 -5.00 B2-4 -5.00 -4.50 -4.75 -5.00 -4 .?5 -4.50 +0.50 ____ ..... _____ .,.. ____ 
........... 
-0.25 -~ 
'---"" 36) +0.2.5 --:-0.50 B2-7 o.oo o·.oo -0.25 -0.50 0.00 -0.37 -0.25 20" 20" 
37) -0.25 -0.75 B2-7 -,0.75 -0.12 o.oo 0.00 o.oo -0.25 -0.25/1' 20" 20" 
38) +1. 00 +0.25 B2-6 +0.?5/+0.25 +.3?/:Pl. +0.25 +0.12 +0.75 o.oo +0.25 70" 50" 
39) -1.75 -:2.25 :82-4 ...:2 .25 -0.75 - __ 1.25 -1.25 -1.25 -2.)0 +0.25 50" 30" 
40) -5.50 -6.25 B2-4 -6.25 -5-50 -5 . 25 -5.25 -:-5 .• 12 -6.50 N/C 50" 30" 
41) +0.25 -0.25 B2,-4 o.oo -0.12 -0.12 -0. 25 o.oo +0.75 5' on -1.00 ---------------
42) -2.25 -2.75 B2-4 -2.75 .:.2,25 -2.50 -2.75 -2.37 -2.25 . N/C 20" 20" 
43) +0.75 +0.25 B1-7 +0.50/pl. +0.25 +0.50 +0.75 +0.50 +0.12 N/C 50" 40" 
44) +1.25 +0.75 B1-7 +1.00/+0.75 +1.00/+.75 +1.25 +1.50 +1.00 +1.37 +0.25 70" 30" 35' on .25 
45) +1. 25 +0.?5 B2-7 +1.00/+0.75 +1.00/+.?5 +1.00 -+0.?5 +1.25 +1.12 +0.50 ou ---------------
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